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Abstract Addressing the genetic variability in Echino-
coccus granulosus is epidemiologically important, as
strain characteristics may inﬂuence the local transmis-
sion patterns of zoonotic cystic echinococcosis. To
classify the genotype(s) present in intermediate (pig,
cattle and sheep) and deﬁnitive (jackal and wolf) hosts in
Bulgaria, a DNA-based approach was used to assess
parasite protoscoleces or strobiles. Genes corresponding
to coding and non-coding regions of the nuclear and
mitochondrial genome (ND-1,HBX, Act II, AgB-1) were
ampliﬁed by PCR and subsequently sequenced. The se-
quences resolved were all found to be identical to those
published for the common sheep strain of E. granulosus,
indicating that the G1 genotype is predominant in Bul-
garia. One microvariant for ND-1 was found in the pig
isolates; however no epidemiological signiﬁcance was
attributed to this ﬁnding.
Introduction
Echinococcus granulosus is the aetiological agent of
cystic echinococcosis (CE), which is an important cause
of human morbidity and mortality, particularly in re-
gions where pastoral activities are prominent. CE is a
cosmopolitan zoonotic infection with diﬀerent mam-
malian hosts being involved in the life cycle (McManus
and Bowles 1996; Eckert et al. 2000; McManus et al.
2003). E. granulosus requires an intermediate and a
deﬁnitive host to complete its life cycle. The hydatid cyst
or metacestode develops predominantly in the liver and/
or lungs of intermediate hosts, maturating into protos-
colex production by asexual multiplication and diﬀer-
entiation. This larval stage proliferation, associated with
high rates of sexual self-fertilisation in adults (inbreed-
ing), and with the natural selection exerted by the hosts’
biology, may have a strong impact on the evolutionary
genetic diﬀerentiation in E. granulosus. The role of sex-
ual reproduction between adult worms (outcrossing), a
basically powerful tool involved in parasite adaptation,
is not yet well clariﬁed in echinococcosis. Population
genetic data indicate that outcrossing does occur, al-
though very rarely, at least in populations with some
genetic variants (Lymbery et al. 1992; Haag et al. 1998).
Currently, ten genetically distinct strains (G1–G10),
diﬀering in several characteristics that may aﬀect the
host range, development rate, infectivity to humans,
pathogenicity and antigenicity have been identiﬁed in
E. granulosus (Thompson and Lymberry 1988; Thomp-
son et al. 1995; Lavikainen et al. 2003). These variants
were assigned to genotypes, as deﬁned, e.g. according to
mitochondrial gene sequencing (Bowles et al. 1992;
Bowles and McManus 1993), restriction fragment length
polymorphism of the ribosomal ITS1 fragment (Bowles
and McManus 1993) and comparative analyses of DNA
sequence homologies (Bowles and McManus 1993;
McManus et al. 1994; Reddy et al. 1998; Lavikainen
et al. 2003)
In Bulgaria, the most important factors inﬂuencing
the persistence, re-emergence and spread of E. granulo-
sus infection have recently been described by Todorov
and Boeva (1999). E. granulosus infection was highly
endemic during the period between 1950 and 1962, with
a total of 6,469 new surgical cases of CE in humans,
equivalent to an annual incidence rate of 6.5 per 100,000
people. A high parasite prevalence was recorded in dogs
and livestock animals (Todorov and Boeva 1999). In the
deﬁnitive wild hosts, the prevalence determined in
jackals was 31% (12 out of 39 jackals shot in the Sredna
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Gora area and in the Stara Planina mountains) and 36%
in wolves (10 out of 28 wolves shot in the Sredna Gora
area and in the Stara Planina mountains) (Georgieva
et al. 1999a, 1999b). A control programme, initiated in
1960, led to a considerable improvement of the situation
in the period between 1971 and 1982, with a decrease of
the annual incidence of human CE to 2.0 per 100,000.
Owing to administrative irregularities and economic
changes, funds for the control campaign were reduced
and the control structures dismantled . As a result, the
E. granulosus infection in humans and animals has
re-emerged. Between the periods 1971–1982 and 1983–
1995, the proportions of infected dogs and sheep in-
creased from 4% to 7% and from 19% to 32%,
respectively. During the same periods, the annual aver-
age nationwide number of surgical cases (new and re-
admitted) of human CE increased from 176 to 291, and
the corresponding annual incidence increased from 2.0
to 3.3 per 100,000. In 1995, the average incidence by
district showed wide variations, ranging from 1.9 to 15.8
per 100,000, with high endemicity, especially in the
southern parts of the country (Todorov and Boeva
1999).
As CE represents an important public health problem
in Bulgaria, molecular epidemiological insight into the
situation may provide useful data contributing to
appropriate control strategies. In the present work, we
analysed the genetic variability of Bulgarian E. granu-
losus isolates of intermediate and deﬁnitive hosts by
PCR and subsequent sequencing.
Materials and methods
Parasites
A total of 24 E. granulosus isolates were analysed.
Twenty samples consisted of puriﬁed protoscoleces
(each sample originated from a single cyst, with eight
obtained from diﬀerent cattle, six from sheep and six
from pigs). Four other samples consisted of a few stro-
biles (collected from three jackal intestines and from one
wolf). All samples were from diﬀerent geographical
locations within the larger Stara Zagora region in Bul-
garia (Table 1).
DNA extraction
Total genomic DNA was isolated and puriﬁed from 50–
100 ll of pelleted parasite material (protoscoleces or
strobiles) using a DNAeasy tissue kit (QIAGEN, Swit-
zerland). The DNA samples were subsequently stored at
)20C until used for PCR.
PCR and sequencing
In order to carry out full analyses of the genomic
markers, we investigated four diﬀerent genes represent-
ing coding and non-coding sequences of nuclear and
mitochondrial DNA (Haag et al. 1998). These four genes
(HBX, AgB-1, Act II, ND-1) have been previously de-
scribed and validated for similar purposes (Table 2).
PCR was performed with 100 lM of each dNTP,
12.5 lM of each primer and 1 U of Taq DNA poly-
merase (Amplitaq, Perkin Elmer, Norwalk, Conn.,
USA) in a ﬁnal volume of 50 ll. The ampliﬁcation
reaction was carried out in a 9700 thermocycler (Gene-
Amp PE Applied Biosystems) under the following con-
ditions: a hot start 95C for 5 min followed by 60 cycles
of 30 s denaturation at 94C, 30 s annealing at 55C,
30 s extension at 72C followed by a ﬁnal extension of
10 min at 72C.
The corresponding amplicons were checked on a
1.5% agarose gel and automatically sequenced using the
same primers as for the primary ampliﬁcation of PCR
products by ﬂuorescence labelling with a model 3730 ABI
prism system. DNA sequence comparison was achieved
by using GenBank (http://www.ncbi.nlm.nih.gov/
BLAST/blast_databases.html) with the BLAST system.
Results
PCR and subsequent sequencing ﬁndings involving iso-
lates obtained from the 20 intermediate and four deﬁn-
itive hosts (Table 1) are shown in Table 3. Sequencing
yielded 100% homology to the reference ovine strain for
all genes tested. When mitochondrial ND-1 sequences
were aligned, six pig isolate sequences, basically corre-
sponding to the G1 genotype, showed a minor variation
by diﬀering in one out of 141 nucleotides (Fig. 1; Gen-
Bank accession number: AY461433). This nucleotide
substitution leads to an amino acid change with an
arginine being substituted by a serine. These nucleotide
diﬀerences are not due to mistakes in incorporation by
Taq DNA-polymerase, as they occurred at the same sites
in several independent DNA extractions and repeated
PCR reactions. Moreover, the same substitution was
identical in all six pig isolates.
Discussion
Most studies on strain variability in E. granulosus have
been based on genes originating from the mitochondrial
Table 1 Host characteristics of the 24 isolates of Echinococcus
granulosus analysed in this study
Isolate code Parasite stage Host Provincial origin
1C-8C Protoscolex Cattle Stara Zagora region
1S-6S Protoscolex Sheep Stara Zagora region
1P-6P Protoscolex Pig Stara Zagora region
1 J-3 J Strobiles Jackal Sredna Gora region and
Stara Planina mountains
1 W Strobiles Wolf Sredna Gora region
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genome. To increase the probability that such analyses
accurately reﬂect the true evolutionary pathway of the
strains involved, sequences from a number of other
genes that have evolved independently are required
(Pamilo and Nei 1988). This study describes a genetic
variability analysis of representative genomic locations
of E. granulosus in Bulgaria. The genes chosen for this
analysis covered a representative selection of the parasite
genome including coding or intron regions of the mito-
chondrial and nuclear genome.
The results showed that all samples provided (for
HBX, ACT II and AgB-1) 100% identity with the G1
genotype (ovine), thus demonstrating that the sheep
strain appears to be the dominant one in Bulgaria. As
this G1 genotype also appears in other host species,
transmission to e.g. pigs and cattle—as already reported
in other parts of Europe ( Eckert et al.1993; Scott
et al.1997; Kedra et al.1999; Snabel et al. 2000)—also
seems likely in Bulgaria. The sheep strain has always
been considered the major source of human infection
(Thompson et al. 1995; Eckert et al. 2000), and we hope
to perform future analyses with parasite material of
human origin to conﬁrm this hypothesis.
For the ND-1 gene (subunit 1 of NADH dehydro-
genase I), 100% identity to the G1 genotype was ob-
served for cattle, jackal, wolf and sheep isolates; the six
pig isolates, however, exhibited a transversion (T:A ﬁ
G:C) at position 376 (Fig. 1).
It became apparent that these nucleotide diﬀerences
were not due to mistakes in incorporation by Taq DNA-
polymerase as they occurred at the same site in several
independent DNA extractions and repeated PCR reac-
tions. Moreover, the same substitution was identical in
all of the six pig isolates. All pig isolates originated from
the same area as the other isolates (wider Stara Zagora
region). Thus, a geographical explanation with dispa-
rately evolving isolates is not likely.
The presence of a single genotype within a relatively
large spectrum of wildlife and domestic animals in Bul-
garia indicates the presence of a dominant transmission
cycle involving additional host species. Based on these
ﬁndings, it will be interesting to carry out additional
studies on the prevalence in domestic deﬁnitive hosts
such as the dog, as well as the human population.
Conﬁrming the presence of a single genotype in humans
will help us tackle the transmission and exposure risks in
humans, and thus to elaborate appropriate measures of
control and prevention of CE in Bulgaria.
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